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A i r  Technical  Service Cornmad, U . S .  Army A i r  Forces  

HIGI-I-SPZED WIhD-TUNXEL TZ C'TS OF 5XXJSFATJ HORIZONTAL 

By Albert  L. Erickson R ~ C L  Varren H.  l k l s o n  

This r e p o r t  con ta ins  thc r e s u l t s  of t e s t s  of 8 f u l l -  
scale senispair h o r i z o n t a l  t a i l  PlaiIC of E coinber Eii-plane. 
The e f f e c t s  o f  f a b r i c  dis:oortion oil the mrodynemic charac te r -  
i s t i c s  of t h c  c l c v a t o r  are  de';crr-i:?cd. b y  comyaring the aero- 
dynamic c h a r a c t e r i s t i c s  of a fabr ic-coverec e l e v s t o r  with 
those  of E. metal-covered e l e v c t o r .  I n  a d d i t i o n ,  the r e s u l t s  
of c u t t i n g  ho le s  i n  the  ba1,mce ~~2.1, the  e f f e c t  of f i x i n g  
t r a n s i t i o n ,  the  t a b  c f f e c t i v c n c s s  bo th  s e a l e d  and unsealed, 
and t h e  s e c t i o n  drag o f  this tail plai'le are presefited.  

~ 

The r e s u l t s  of the t e s t s  show that fabric deform-t ior ,  
e n  cause e x t r c m  changes i n  s t i c k  force  a t  h igh  spccd. A t  
0.72 Ikch  nudoer,  t h e  c s L x l a t e 6  s t i c k  force p e r  u n i t  n o r m 1  
a c c e l e r a t i o n  f o r  thc fabric-covered c l e v a t o r  was t h e e  t imes 
t h e  f o r c e  f o r  t he  mctel-covcrcd clcv?.tor.  It i s  d s o  shown 
thp.t t h e  tab e f f e c t i v e n e s s  can be t r e b l e d  by s e a l i n g  the gc-p 
c ? t  the l end ing  cdge of  t h e  t & .  

I i\iTR03UC 

111 i nc  inc rczs ing  speed and s i z e  of a i r p l a n e s  have cnuscd 
the  desigii  of c o c t r o l  sur faces  t o  becorne e x t r e n e l y  c r i t i c ? - 1 .  
A t  the  h ighes t  speeds, b e c a s e  of the  c lose  balance recluired, 
a s l i g h t  v s r i a t i o n  i n  t h e  con t ro l  coiltour can cafise extreme 
changes i n  t h e  con t ro l  f o r c e s .  



Tnere have been numerous cases  where f l i g h t  d a t a  have 
shown the  r a t h e r  s e r i o u s  e f f e c t s  of f a b r i c  d i s t o r t i o n .  Refer- 
ence 1 discussed s e v e r a l  of  these  c a s e s  i n  which very  l a r g e  
s t i c k  f o r c e s  t h a t  occurred i n  f l i g h t  were found t o  be caused 
by  f a b r i c  d i s t o r t i o n .  The q u a l i t a t i v e  e f f e c t s  of s l i g h t  
changes i n  c o n t o u r ,  such as might be cauced by f a b r i c  dis-  
t o r t i o n ,  are given i n  r e f e r e n c e s  2 ,  3,  mid 4.  
an a n a l y t i c a l  stuay of tke  s t i c k  forces  ’chat would r e s u l t  from 
var ious  type6 of f s b r i c  C i s t o r t i o n ,  and shows t h a t  f a b r i c  
d i s t o r t i o n  can cause extreme changes i n  t h e  c o n t r o l  charac te r -  
i s t i c s .  

C 

Reference 2 i s  

The t e s t s  d iscussed  i n  t h i s  rel3ort were i n i t i a t e d  t o  , 
determine the e f f e c t s  of d i s t o r t i o n  of t h e  f a b r i c  covering of 
t h e  bociber e l e v a t o r  a t  h igh  speeds. Qus i i t i t a t ive  r e s u l t s  on I 

t h e  e f f e c t  o f  f a b r i c  d i s t o r t i o n  by d i r e c t  comparisons of t he  
c h a r e c t e r i s t i c s  of a metal-cmered e l e v a t o r  w i t h  those  of ~t 
f abi3ic-covered elevator a r e  incluCeCi. I n  additioil ,  t h e  
e f f e c t s  of i n s t a l l i n g  l e a k  h o l e s  i n  the  e l e v a t o r  balance s e d ,  
s e a l i n g  the  tgb ,  and f i x i n g  t r a r i s i t i o n  or? the stabilizer a r e  
p’reserzted. The r e s u l t s  of  measureriient of the  s e c t i o n a l  d rag  

also included. 
. c o e f f i c i e n t  o f  t h i s  production-type low-drag tail- plnne a r e  

The d a t a  were obtained i n  the I6-foot  high-speed wind 
t u n n e l  at  the Anes Aeronaut ical  Laborc to ry ,  Nof fe t t  F i e l d ,  
Calif .  

SYrnOLS 

Standard- NACA symbols and. c o e f f i c i e n t s  used throughout  
t h e  r e p o r t  are  de f ined  as fo l lows:  

U a i rp l ane  angle  o f  c?ttack, degrees (c.ng1e measured f rom 

angle or” 2.ttack of h o r i z o n t a l  t c ? i l ,  degrees ( z e r o  l i f t  

fuse lage  re ference  l i n e  ) 

occurred a t  - l . a g O )  at 

6, e l e v a t o r  angle ,  degrees  

6t tab angle ,  degrees 

1; Pkch number 



c?irf o i l  s e c t i o n  drag cocff  i c i e n t  C d O  

Che e l e v a t o r  hinge-moment c o e f f i c i e n t  (He/qbeC2) 

He e l e v a t o r  hinge rnonent , ~ O G %  -pounds 

s dync.mfc pressure (+PV"), p o m d s  per square f o o t  

be e l e v a t o r  span, f e e t  

root-mean-square chord of  e l e v a t o r  behind hinge 

l i f t  c o e f f i c i e n t  of tail- (L t /qS t )  

- 
C 

l i n a ,  f e e t  

CLt 

L t  l i f t  o r  t a i l ,  pouncls 

S t  a r e a  of t a i l ,  square f c e t  

pitching-moinent c o e f f i c i e n t  due t o  t a i l  
[Xt /qS&L A.C. ) w ]  . 

3 

._ "t moment abou t  the cen te r  of  p s v i t y  due t o  thc  t a i l ,  
foot-pounds 

sw area of  wing, squarc f e e t  

K . A .  c .  m a n  aerodynamic chord of h w i z o n t a l  t a i l  

i4.k.C ,w mean aerodynamic chord o f  airplane wing 

p r e s s u r e  c o e f f i c i e n t  ( p  - po) /q  ' P  

P l o c a l  s ta t ic  pressure ,  pounds per  square f o o t  

Po 

P c r  

f r e e - s t r e m  s t a t i c  pressure 2 -  vounds per  squarc! f o o t  

c r i t i c a l  pressure c o e f f i c i e n t  

A f u l l - s c a l e  semispan h o r i z o n t a l  t F 3 . l  p lane  from t he  
Sonbsr a i r p l m c  w a s  used f o r  t h e s c  t e s t s .  A s t u b  sect . ion 
w s  provided s o  that the  ' t u n n e l  1d-1 was a t  the p o s i t i o n  



c o ~ r c s ~ ~ o r i d i n g  t o  the  aii*plan(, c e n t e r  l i n e  (fig. 1). 
2. g a ~  of  F.fip:-oximatcly j / 1 6 ' i ~ c h  betvC:ei? t h  model. and the 
tunn6l  wall, S L ~  it  w3.s found t h a t  this [~r.p had no rceasurabl-e 
er i 'ect  on t k  e l e v a t o r  hinge mornants. 
~ o c n t e d  upstue down i n  t h e  tunne l .  
showii fn f i g u r e  1, was used t o  i nc rease  the allo;.Jable negat ive 
l i f t  l o e d s .  
t h a t  all f o r c e s  and inoXiectS could be i:ie,n:sL?rei2 by the  s ix-  
coriiponeiit sca le  sys tem.  

?hc.re wc".s .r 

The teil pla.rie was 
The s t r e a . l i n e  t i e  rod,  

The nodel wss supported by  the balance frame s o  

The e l eva to r  anglc FSS ccntrol lecl  by  an e l e c t r i c  a o t o r ,  
and maintained a t  EL constant  s e t t i n g  by F.i? automatic  posi- 
t i o n i n g  device.  
e l c c t r i c  s t r c i n  gape aour,ted on a s p e c k 1  arm in t h e  e l e v a t o r  
c o n t r o l  l i n h g e .  

2ing.e n:omnr,s W D ~ C  ncasurcd with a c a l i b r a t e d  

c 

The g e n c r a l  dimemi.ons x d  p k n  view of t he  t c ? i l  plane 
Figu.1-e 3 shows a s e c t i o n a l  as t e s t e d  arc shown ir, f i g u r c  2 .  

drawing of the s t a b i l i z e r ,  e l e v a t o r ,  and! t ab .  Figure 4 shows 
t he  rib spacing i n  the  e l e v a t o r ,  and gives the s p e c i f i c a t i o n s  
f o r  the  f a b r i c  covering and i t s  applic~.. t ioi1.  

The d-ate have been co r rec t ed  f o r  tunnel-wall  e f f e c t s .  
ine co r rec t ion  var ied  z c r o s s  the  SjX,il of thc wir-g; however, 
i! weightcd--average c o r r e c t i o n  t o  +,he angle of a t t a c k ,  equal 
t o  0.gYS CL, w a s  added. ';'f;v3 data c?lso hc.vc bczn c o r r e c t e d  . 
f o r  t h e  e f f e c t s  of  c o n s t r i c t i o n  on the d-ynarnic pressure and 
FIach- nuriibc r . 

n- 

Wherever s lopes  s r e  g iven  in t h e  - t e x t  they r e f c r  t o  t h e  
s l o p e  through zero s t a b i l i z e r  m g i c ,  e l e v a t o r  angle  , o r  tab 
ang le ,  as the casc nay bc. 

I n  z s a l y z i n g  thc dZt2, s t i c k  f o r c e s  were computed f.or 
t h r c c  Xach nuxbcrs. 
f o r c c s  f o r  f i c t i t i o u s  cond i t ions ,  bcccc.use the s t r e n g t h  of t h e  
swpport system w8.s such th2.t it was n o t  possi ' i lc  t o  a t t a i n  
s t a b i l i T c r  c2ad e l e v a t o r  z-ngles thc t  would completely corre-  
spond t o  those of the Sonber a i r p l a n e  a t  h igh  speed.  
o r d e r  t o  m e  t h c  datc obtFined t o  the  b e s t  advantage f o r  COP 
p.=.rF-tive pxposcs ,  t hc  fo l lowing  co;lci.itioilS were u s e 6  i n  the  
c a1 c u.1 c? t i o  ns : 

It w a s  necessw;; 5,o compute thcsc! s t i c k  

I n  



5 

(a) 

( b j  The do:mm.s3 p - t  the  'tail PJBS coaim.teb as be ing  

The s t a b k l i z e r  was s e t  at 1' ang le  o f  incidence.  
(It I s  a t  0' 03 the  a i r p l a n e . )  

equal  t o  2.2 Chq. - 

( c )  Tai l -ofc  p i tc i i ing  niorxents from t h e  17.5-2ercent 
s c a l e  nodel  of t h e  borzber a i r p i a n e  t e s t e d  i n  the 
16- foo t  wind tunnel  were used. ( r e fe rence  5) .  i 

cjbtained a t  hi@ sseed d u r i n g  tne  nodel  t e s t s ,  
qe i n t e r f e r -  no c 'orrect ion t o  bCL3t/da.t f o r  fu se l a ,  

ence I3iS-S aoss ib l e .  This e f f e c t  would no t  change 
t h e  d i f f e r e n c e s  between the  c h a r a c t e r i s t i c s  cal- 
cuk- t ed  f o r  the fz?r?c-covered a x 6  metd-covered 
s u r f  aces. 

( d )  Bec5.use ctata. at o n l y  one sta%ilizer angle  were 

( e )  The E t a S i l i z e r  ans l e  and elevC.tor cng le s  use2 for 
t h e  comparp.tive s t i c k  f o r c e s  shown f o r  2 I4ach 
nunber o f  0.133 xe re  obtaiized from t e s t s  o f  a 
model of t k e  Sornber a i r i7lane i n  t h e  7- by 10- 
f o o t  wind tunnel .  

3ESULTS A I D  D I S C U S S I O N  

Cornpa? i s  on of Fabric-Covered- and. lie tal-Covered Eleva tor  8 

A t  a Each number of O. J .33  t h e r e  was no n o t i c e a b l e  
d i s t o r t i o n  of e i t h e y  e lem-tor .  Fig:ures 5 t o  show that,  a8 
b!ould be exsec ted ,  the fakric-covered and met2.l-covered ele- 
v a t  o r s  had sirnflm aerodynamic cliar,o:c t eris t i c s  a t  t h i s  l o w  
Mmh nuriiber . 

- r  - A t  a.  mi nunber of 0. 33, t h e  f a b r i c  s u r f m e  began t o  
show s l i zh t  d i s to iq t i cns ;  f o r  8.r: e l e v a t o r  a.nsie of Oo t he  s l o p e  
bCh,/aat i s  -0.OOOg f o r  t h e  febric-covered elevz-tor and O.OOO5 
f o r  t h e  metal-cove?ed e l eva to r  ( f i g s .  9(2) end 5 (b) ) .  The 
t a i l  e f f e c x i v m e s s  bC,,,/dat remF.ins p r a c t i c a l l y  the  same f o r  
the two elevators (rigs. LO (a) sen?- 10 (3)). The s lope 

is ,.-bout 50 -2ercent g r e a t e r  f o r  t h e  fabric-covered 
e l e v a t o r  ( f i g -  11). The c o q m r a t i v e  s t i c k  f o r c e s  i n  f i g u r e  12 
show 2- s l i g h t l y  g r e a t e r  v a r i l t i o n  o f  s t i c k  f o r c e  with center-  
o f - p a v i t y  p o s i t i o n  f o r  t h e  fabric-covered e l e v a t o r .  
computed 8 t ick- force  v a r i a t i o n  with i n d i c e t e d  a c c e l e r a t i o n  i s  

Che/b s e 

The 
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the'same f o r ' b o t h  e l e v a t o r s  (f5.g. 13). It i s  t o  be noted  i n  
both f i g u r e s  1 2  a,nd 13 that t h e  p r i n c i p a l  e f f e c t  o f  f ab r i c  
d i s t o r t i o n  a t  t h l s  speed would be t o  change the a i r p l a n e  t r i m .  

The Cefor ra t ions  of' the  fab-ic-covered metal- 
covered elevators. a t  0.72 ~ : a c n  nui-nber a r e  shown i n  f i g u r e s  c 14 
and- 15. These f i g u r e s  show %hat the  f a b r i c  was d i s t o r t e d  t o  
a concave s;i?;x on both t he  uFper and. lower s u r f a c e s ,  as w a s  
t r u e t m d e r  a l l  conC5tions tes tes . .  IF. f f e u r e  1s i t  i s  seen 
the-t t h e  Keta l  sui-f'g-ce W2-8 s l i g h t l y  d i s t o r t e d  S O  that  i t s  
c h a r a c t e r i c t i c s  ark no t  tF.ose of a rl,$6 sur face .  Froin ' t h e s e  
p i c t u r e s  i t  shou.ld- be recognized the t  t h e  d i f f e r e n c e s  shown 
i n '  compi-ing the  f a b r i c  s ~ r f a c e  wit:: tile r e t s l  sui-face a re  no t  
as iF.rge 2,s the  d i f f e r e n c e s  b e t m e n  thc? fF..brlc-covcre& e l e v a t o r  
anCL 2- ' r i g i d - s m f a c e  elevator. 

e f f e c t e d  i n  t he  conrm-ztLve acro&;jn2-n>ic c h z r h c t e r i s t i c s  of t he  
fabric.-covered and netal-covered e l e v e t o r s .  k l thouzh  the  d a t a  
a t  0.72 "Imh iiuiiber were li'mited- by t h e  moCtel stren.@, t h e  
r 3 . ~ p - e  Bifferences  a r e  c l c z r l y  evid-ent (fits. 16 t o  2 2 ) .  I n  
f i g u r e s  1.6(a) ~ n t i  1 S ( l ~ ) ,  dche/ba t  is 0,0020 f o r  the metzl- 
covered e l c v a t o r  end -0.0010 f o r  t h e  fabric-covered e l e v a t o r .  
T32 cm-ves of 6Clrle/dclt for t h e  3 e t ~ . l - c o v e r e d  e l e v a t o r  have 

i s  probably due t o  sepm-etion causc8- by s u r , c r c r i t i c n l  speeds. 
F i g w z  17 shows a n  Cy t rcmc  2.ifforencc i n  a ~ h , / ? ~ & ~ .  This 
s 1 o . x  i s  -0.003: f O i -  t h c  f a b r i c  surfF-cc en?. -0,0005 f o r  the  
rneG-1 surfc-ce. ,  TIX sr;i..?.ll value 01" -dche/d8, f o r  t he  metal- 
covered. elevRtor at  0.72 Sach nsunbcr (fis. 17). was, determined 
f r o g  s. very l i n f t e d  m o u n t  of d a t ~ , .  , 

p r o f i l e  has b u t  sl:zht e f f e c t  on -bCh,/b3c a t  l a r p  e le -  
v a t o r  an.zles , th i s  s l o p e  would y r o b a b l y  s.ssume a va lue  s ini lar  . 
t o  t h a t  f o r  t h e  fabric-covered clcvator ct l a r g e r  ncg'ativc and 
p o s i t i v e  e l eva to r  angles. 
t he  tail e f f e c t i v e n e s s  dCGIt/$at r m e . i n s  t h e  sxne f o r  b o t h  
elevators. Thc e f f e c t  of thr? ciistcn-tion o f  t h e  fe.bric su r face  
on tht? var ious  pararcctcrs i s  t,o bc cxqcctcd,  and '  proba? i ly  
co;ild bc p e d i c t c d  if thr) c x n c t  d i s t o r t i o n  were knokm 
( rc fc renccs  2  an^ 3 ) .  

A t  0.72 Kach number an ex t re i te ly  h r z e  change i s  

0, d- iscont inui tp  betl:.:ecn -20 and- -2. 30  C I . . X $ ? ~ ~  ,d of Z - t t a C k ,  W h i C , h  

Sinlcc thc  e l e v a t o r  

FiTurcs l S ( a )  cnd lS(S) show that  

S t i c k  f o r c e s  COL?12'J.tCb f o r  0 .72 I k c h  nuiiber a r e  p rc sen tcd  
i n  f i g u r c s  19(ii)  an6 l g ( b ) .  The s t i c k  f o r c e  per g i s  60 
pounds f o r  t k  fabric-covcred c l c v a t o r  P-nC only 20 13ou-nds f o r  
t he  nctal-covered e l e v a t o r .  Thc  r e s u l t s   how tha t  i t  would bc 
impossible: t o  : ; redict  c o n t r o l  f'orczs a c c u r a t z l y  from model 

. 

c 
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.. dccta if’ t h e  airplane has conti-ol  s u r f a c e s  that  d i s t o r t .  

Because of t h c  irnl3ortance of tk-e t r a i l l a c - e d s e  angle i n  
d e t c r m f n L n ~  e l e v a t o r  c h a r a c t e r i s t i c s  (Yeferznces 3 and. 61, it 
!:s believed- t h e %  C f  th?e a f t  5 o r  10 ;3ercont of  t h e  e l e v a t o r  
were nade of metal  and tke sur face  veiited a t  the t r s i l i n g  eclge, 
,ne stl.c!c fo;.ces rrov.16 no;-e n e a r l y  cor?.?zire v i th  r -esu l t s  ;we- 
d l c t e d  f r o x  t e s t s  of r i z i d .  con t ro l  surfaces .  
L‘ 

Figures  20 an?- 2 1  show t h e  p r e s s u r e  d i s t r i b u t i o n  over 
tine l m e r  s u r f e c e  of  t h e  s t a 3 i l f z c r  a t  0.33 and 0.72 Mach 
num5ers. in f i g u r e  21(b! a sli@it d- i f ference i n  the pressures 
n e a r  t h e  peak i s  notc?, t h e  s t a b i l i z e r  vr i t i . 1  t h e  fabr ic-covered 
e l c v a t o r  5 a v i n q  sltrhtl:? - hL&er - l o c e l  v c l o c i t i e s .  F re s su res  
o v e ~  t h e  e l e sa  t o r  vere  n o t  !-?,eas:rucl; howeve?, balance-wcll 
p r e s s u r e s  wcrc m a s u r c d ,  and It i s  shovn i n  f i g u r e  22 t h z t  
t h e  baiai-cinc hinge nionents coqydted f rom +,he balance-wcL1 
:ressurres are no t  a p x e c i a b l y  a f f e c t e d  by the e l e v r t o r  ccnt0u.r 

e l e v a t o r  hinge line. 

- 

r e ,  t h e  l a r p  changes i n  cl.eve,tor hinge 
t ent i r ,e ly  due t o  t h e  chanzes af+, of t he  * 

4, nnii 25 show t h e  conGition o 
d- a f te r  runi?ing at hish spec&. 
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Figure 1.- A full-scale semispan horjaontal tail f o r  the 
bomber afrplane i n  the  16-foot rind tunnel. 



I 

k 
I 

l 

* 

MR NO, A4L18 

TUNNEL W A L L  -. 
N A T I O N A L  A D V I S O R Y  

C O M M I T T E E  F O R  A E R O N A U T I C S  

T O 7 ; 4 L  AREAS 

GROSS HOIZIZONTAL 
AREA a 139.28 
EL€VHTOR 4REA"37:5/ 
T A B  AREA= 3.38 
AREA COVERED BY 
FUSEL40E = 24.S3 

-9. F K )  

63.6- 

I 

JI 

wI 

I -- HI 
- - --  I #  I I I 1 

WALL 

FIGURE Z.-PPLAN VIEW OF A SEMISPAN 
HOPIZONTAL T A I L  FOR THE BOMBER 
A I R P  L A N E .  



A 4 L  18 

2 - - 
0 

" w  0 

U 
a 

z -  
2 z 
0 u 



MR NO. A4L18  ~- 

~- 

+ 
- 

Cl 

APPLIED 6'1' HAND, 
2 COATS ALUMINIZED 
D O P E - A N - T T -  D - 5 S 1 ,  
APPLIED BY' SPRAY) 
U S I N G  PROC€.DUR€ 

I I  
SEVEN V E N T  

r\ H O L E S  O N  /b 
2 L O W E @  SU-FACE 

A T  70.7 PERC€N 
M.A.C, 

1 

c l  3 

-+HINGE +- 

I - -  

+ I 

-- 

I N A T I O N A L  A D V I S O R Y  -- 
C O M M I T T E E  F O R  A F R O N A U T I C S  

FIGURE 4 . -  THE R \ 6  S P A C I N G  OF THE 
FABRIC-COVERED ELEVATOR FOR THIS. 
SEMISPAN I-IORIZONTAL T A I L  O F  THE 
BOMBER AIRPLANE. 



. MR NO, A 4 L  18 

b 

.20 

. I  8 

. I 6  

. 14 

. I 2  

. io  

.08 

.06 

-04 

.02 

0 

-. 02 

-. 04 

-.OQ 

-. 08 

-24O -20" - 1 8  -12" -& -4O 0 qU 0 O  12' 16' 20° 

= t  
ta.) FABRIC-COVERED ELEVATOR 

F I G U R E  5.- VARIATION O F  H I N G E -  MOMENT 

C O E F F I C I E h / T  W I T H  TAIL ANG'L& O F  A T T A C K .  

M I  0. /33 j 6*,0'. 



I -  

. 

.eo 

.la 

. I 6  

. I 4  

.I2 

.IO 

.O 8 

.06 

.04 

.02 

0 

-.02 

Y 04 

-.Ob 

7 0 8  

6, 
5 0  

e P  
0 0  

-2 v 
-5 x 
-10 + 
-15 d 

-20 Li 
-23 ,d 



M R  NO. A4L 18 
I 

. 

. 

IO0 

8" 

6' 

4' 

2- 

0 0% 

- 2- 

- 4' 

- 6' 

- 8' 

-10- 

- 12- 

-14 
.8 .6 .4 .Z 0 72 

c% 
(a) FABRIC - C O V E R E D  

5, 
1 0  

5 
2 
0 
-2 
-5 
- 1 0  

-J 5 
-2 0 
-2 4 

-9 -.6 -8 

E L E V A T O R .  



MR NO, A4L 18 
.I 

IO0 

8 O  

6" 

4" 

2" 

=t 0 

. - zo 

-4" 

-6' 

- 8" 

-too 

-12 

-14" 

- 16 

10 0 
5 0  / 

P 0 0  

-5 x 
- 1 0  i- 

- 1 5  d 
-20 
-24 d 

N A T I O N A L  A D V l  S O R Y  
C O M M I T T E E  F O R  A E R O N A U T I C S  

mt 
c1-1 M E T A L -  C Q V € R € D  E L E V A T O R  

F I G U R E  6.- C 0 N C C U D  E 0. 



. 

I .  

MR NO. A k 1 8  

. 

P 

0 p. 
0 
I '  

0 

/ P 
/ 

I 
r; 

91 vo 
/ 

? 
I 

0 
nJ 
I 



I ’  
MR NO,. A4L 18 

S n c u  
F O R C €  

L R .  

6 C  

40 

PUL c 

2 0  

0 

FASRIC-  
C O V E W E D  
E L E vc4roe 

o( 

3= \ 

20 30 40 

P E R C E N T -  MA.C.w 
C. G. P O S I T I O N  

STfCK 
FORCC 

Le. 

60 

40 

PULL 

20 

0 

M E T A L -  
COVERED 
€L&V/+TO+2 

20 30 40 
c. G. m s I n o N  
P E R C  E N T  M.A.C. w 

N A T l O N A l  A D V I S O R Y  
COHYlTTtt F O R  A E R O N A U T I C S  

F\GURE 8,- VARIATICJN- OF E L E V A T O e  S T I C K  

FOG?CE W I T H  C .  G .  P O S I T I O N ,  LANDING WITH 

FLAPS D O W N .  0,133; bk,O? 

‘. 5 



. 
MR NO. A A L 1 8  

.W 

C 

0 

7 O/ 7 O/ 

7 02 

+\ + 5, = -/oa 

\ 

5 O  

F I G U R E  9 ,- VARIA-TION O F  H/NG€-MOM€N7-  

COEFFIClENNT W I T H  T A l L  ANGLE OF A T T A C K .  

M, 0.33 ; F, OP 



b MR NO. A4L 18 

+ . 
.05 

. 

.O 4 

.O 3 

.02 

.OI 

he 
C 

0 

.01 

.02 

.03 

- 1 2 -  - IO0  .e' -bo -4' -za 

O 0  

I 5' 

N A T I O N A L  A D V l  S O R I  
C W Y I  TTLE FOR AERON AUT1 CS 

0 4 -  Bo 8" COO 

O('t 

M E T A L ' C O V € R & D  ELEVATOR 



. 

MR NO. A 4 1 8  

4 O  

2* 

0 

- 2. 

-4' 

-6- 

-eo 

-10 

Y Q 

/ 

6, 
10 

5 
z 
0 

-2 
-5 

-I  0 

Q 
El 
A 
0 

v 
X 

+ 

N A T I O N A L  A D V I S O R Y  
COYMI TTEE FOR AERONAUT I C  S 

-0 E -3 



. 
MR NO. A4L18 

4" 

2' 

. 

-6' 

- 8' 

3, 
IO 0 
5 8  

0 0  

-5 Y 

-10 + 

N AT I ON A 1 ADV 1 SO RY 
COUUI TTEE FOR A €RON AUT I CS 

% 
0 -,2 

E L  E V 9 - r O R  

-t7 



I C  

I 

I .  

MR NO, A4L18 

N A T I O N A L  A D V I S O R Y  
C O Y Y I T T E E  FOR A E R O N A U T I C S  

-4' 

t 

F A B R / C  - 
C 0 VEeED 
E L € V 4  TOR 

- / 0 O  O0 

6, 

.04 

SO 3 

.02 

.01 

ch, 

0 

-.01 

-.OZ M E T A L -  
C 0 VERED 
ELsvAroe 

-.03 

O0 I O 0  
6e 

0 - 10 



MR NO. A4LL8  

I .  

. 

S T I C K  

FORCE 

Le. 

60 

40 

PULL 

20 

0 

F A S R I C  - 
C O V E = € D  

E LE v4 T O R  

'. 

c -. - .. 
3 I I C K  

FORCE 

CB. 

60 

4 0  

P U L L  

20  

SEA LEVELO 

2 0  30 40 

P E R C E N T  h4A.C.w 
C. G. PO s I ri O N  

METAL - 
C O V E R E D  

E L  E V A T O e  

20 30 40 

c. e, p o s / r / o w  
PERCENT M.A.C.w 

N I T  I O N A L  A D V I  S 3 R I  
C O M M I T T E E  FOR A E R O N A U T I C S .  

F / G U R f  12.- V A R I A T I O N  O F  E L E V A - T O I P  

s T I  C K  FORCE w ITH  c. G. P u s i r i o N ,  M, 0.33j 
at,O"; W E I G H T  25000 LBrJ,' LEVEL FLIGHT; '  

. 



MR NO, A4L18 

80 

60 

. 

. 

P U L L  40 

20 

S T I C K  
FORC€(.J 

L e .  

METAL - COV€R€D 

F A B R I C  - C O V E R E D  

N A T  I O N A L  A D V  I 5 O R Y  
C O M U I T T E E  F O R  A E R O N A U T I C S  



MR NO, A4Ll8 

. 

. 



MR NO, A 4 l 1 8  



MR NO, A4C I8 

N A T I O N A L  A O V l  WRY 
C O M M I  T T E E  FOR A E R O N A U T I C S  

-008 

.a04 

cL 

0 

,004 

-.008 

..0/1 

-.016 

-. 020 

(a) FASf2IC - C O V E R € D  E L E V A T O e  

FIGURE /6- - V A R J A T I O N  O F  H I N G € - I W O M € N T  

C O € F F F / C / E N T  WITf l  T A I L  A N G L E  OF A T T A C K .  

M, 0.72 ; st 0: 



MR NO, A4Ll8 

,008 

- 4 * /  -3" -2' -I O 

5, 
5 4  
2 I3 

/ A 
0 0 

-/ V 

-2 x 
-3 + 

N AT I O N A L  ADV I SORY 
C O M M I T T E E  FOR A E R O N A U T I C S  

(,&I M E T A L  -COVERED E L E V A T O R .  

F I G U R E  16.- C O N C L U D E D .  



. 

. 

MR NO, A 4 4 1 8  

, 0 0 8  

* 004 

0 

F/ BefC-  

C O V E R E D  

E L  EVATO+? 

2' 4' 

7004 

. 
-.008 

-.012 

- 0 1 6  

- .02 0 

be 

MET, I -  - 
C O V E R E D  
E L  EVr9TOtq 

2* 4' 6" 

N A T I O N A L  AOVI SORY 
COMM I T T € E '  FOR AERON AUT I C S 

O F  ELEVATOR HIAfG&- 



MR NO. A4L18 

0 
. f 2  

-t 

08 .04 

% 
- t o  P 

-2- 

. -3" 

- 4 O  

5' 

- .04 -.06 

N A T I O N A L  A D V I S O R Y  
C O Y Y l  T T E E  F O R  AERONAUT I C S  



. MR NO, A 4 1 8  

. 

. 
- 2" 

-3' 

-4' 

MAT I O N  AL ADV I SOAY 
C O M M I T T E E  F O R  A E R O N A U T I C S  

c 



. MR NO. A 4 L 1 8  

12 0 

S T I C K  
F O e C 6  

L 6 .  

80 

PULL 

40 

0 

40 

P U S H  

80 

I 2 0  

160 

F A B i G I C -  I2 0 
S T I C K  

F O R C E  
Le. 

C O V E  R E D  

E L E V A T O R  

80 

PULL 

40 

C .  G. 
P O S ~ T I O N  

20% 0 
/ 

I N D I C A T E D  
4CCECERATI ON, 

/ /  40 

PUSH 

3s% 
eo 

/eo 

I60 

(9) S E A  L 6 V E L  
FIGURE / 9  .- VARl ATION OF 

ME TAL-  

COVERE O 

E L E V A T O R  
C. G. 

POSIT ION 
20 70 
25% 
35% 

N A T I O N A L  A D V I S O R Y  
C O M M I T T E E  FOR A E R O N A U T I C S  

ELEVATOR STICK 

F O R C E  WITH I N D I C A T E D  A C C E L E R A T I O N  AT 
M,0,72; bt-0: 

. 



MR NO, A4LI8 . 

I -  

* 

12 I 
S T I C K  

FORCE 
C 8.1 

80 

P U L L  

40 

0 

40 

P U S H  

60 

F A S R I C -  

C 0 I/€ RED 
METAL-  

C O V & e E D  

E L € V 47-06? 

/ e . 3  
I N D/ C A TED 

IT AC C ELERAl7ON,  

N A T I O N A L  A D V I  S O H Y  
C O M M l T T t C  F O H  A E R O N A U T I C S  

(&I e0,ooo FTT 

F I G U R E  /Q . -CONCL U D E D .  



MR NO. A4L 18 

. 

0 

6, , -IO0 +----+ + 
+--+-+-/ 

/ 

/-+ 2-4’ 

- .4 

A 

0 

/ O  2 0  90 40 K O  60 P 
P€RCENT S T A B I L I Z E R  CHORD 

.4 
FABRIC - C O V E R E D  E L E V A T O R  

3 
/+ + 

& )  -/oe /+ 

+-+>-t--+ -. 4 

2 0  30 40. 40 6 0  P 
PERCENT STABIL/ZER CHORD 

M E T A L -  COVERED E L E V A T O R  

H A T  t O N  A L  A ov I sorci 
L O M M l l T E €  C O R  A k H O N A U T I C S  

.4 

0 
I 
FIGURE 20.- VARIATION OF PRESSURE COEfFIC/ENT 
WITH CHORoWlSE S T A T / O / V  O N  T H E  L O W E R  
SURFAC€. MJ0.33 j S,, OO; S T A T I O N  92, 



MR NO. A N I 8  

-L 6 

-/. 2 

P 

-. 6 

- .4 

0 

I 

10 20 30 40 50 60 



. MR NO, A4L 18 

. 

. 

-. a 

- .9 

0 

P 

.4 

.8 

-4 

0 

P 

.% 

PERC€NT S T A B I L I Z E R  CHORD 

ME +A L- CO V E R  ED EL EVA T O R  

N A T I O N A L  A D V I S 3 H Y  
C O M M l T T E E  F O H  I E H O N A U T I C S  

F / G U A €  2/ . -VAR/AT/ON OF PRESSURE COEFF/C/€NT 
WITH CHORDWISE \S';TA-T/ON ON THE LOWER 
6LJRfACE. MJ0.78 j S,,O: 6 T A T I O N  92, 



MR NO, A4L I8 

# 

. 

IO  20 30 40 so 60 
P E Q C E N T  S T 9 8 1 L I Z € R  C H O R D  

Y 

i METAL- C O V E ~ E D  ELEvc9roe 

. 

I 

-. 8 

-.4 

P 

0 

.9 

P E R C E N T  S T A B I C L Z E e  C H O R D  

E D  E L E V A T O R  

.a 

P 

0 

$1 W t - Z "  
FIGURE i f { . -  C O N C L U D E R  

N A T  I ON A L A D V  I S O R Y  
C O M M I T T E E  F O U  A E H O N A U T I C S  



MR NO, A4L18 

-4  -2 

1, 

F A B R I C  - 
c OVElPED 

S U Q F A C E  

M €l-A L- 

COV&'RED 

SURFACE: 

N A T I O N A L  A O V l  SORY 
C O M M I T T E E  F O R  A E R O N A U T I C S  





MR NO, A4L18 . 
\ .  
! 

, 

Figure 24.- The static condition of the bomber stabillser 
and fabrjc-covered elevator, after running a t  high speed. 

c 



MR NO. A4Ll8 

Figure 25.- The static condition of the bomber fabrfc-covered 
elevator, after running at high speed. 
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